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The Forest Health Monitoring (FHM) and Forest Inventory al~ct  Analyses (Flh)
programs are integrated biological monitoring systems that IIS~  nationally slandard-
ized  mctfrods  to evaluate and report on the health and susfainattility  of fbrest
ecosystems in Ore  United States.  Many  of the anGcipated  changes in forest ecosys-
tems from  climate change were also issucs  addressed in sections of F1  [M’s  National
‘I’cchnical  Report 1991 to 1998. The  integrated FIIM  and FIA trrorritor-irrg systems
are currently esLablishing  baseline conditions (status and  change) in most States for
many of the expected effects, and are projected to have ftrtt  irrrptcrrrci~t;ttic,n  for  all
States and ‘Territories in 2003. These monitoring systems uritile  ;t  broad suite  of
indicalors of key ecosystem componcn~s  and processes  that are responsive to many
biotic and ahiotic  stressors,  including those  anticipated frorn climatr change. These
prqpmrs  will contribute essential  information for many dec:;tdes  for many  of the
anticipated changes in forest ecosystem from increasing carborr  dioxide concentra-
tions, changing climatic scenarios, and exlreine  weather cvcrits  rtial are probable in
the next  30 lo 100 yea-s.
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nationally StiItld2IdiZCYl  Ill(:lhOtlS, a n d  r e p o r t  o n  the  healt11 arid srtstaitial~ilily  of
forest  ecosystems  in the  CJr1itt.d  States. Many of‘ the  antic-ipat  changes in forest
ecosystems f’t-0rrI  clitiiatct  chatigc~  wcrc also issttrs  atltlrc3sctf  in sections of FHM’s
National ‘I‘cc-hriic~a1  Report  lW1  to 199X.  ‘I‘hcse rttotiitot~iti~ systems  11tiliLc  it  bt-oad
suite  of‘ inrlicarors  of key ccosystetn  ~o~l~poIlct~~s  and processors that art: t-esponsivc
to  many  bictlic  and ahiotic  s tressors , inclttding those  anticipatrti f r o m  clitrtatr
chatigc:.  Tltcsc  pt-ogratns  will contribute csscnlial information fi)r tnany  decades for

many of the  anlicipatcd chatiges  in fbrest  ecosystctn  li-orrl  incrcasitig carbon dioxidt
(.ot1C(:lltt.;ttiotis,  cliattging clittiatic  scenarios, aid c~Xtwtl1~~  wcatlirr e v e n t s  tlial a r c
prDtXtbl(:  i n  thC  IleXt 30 10 100 yeill-S.

T h e  integt-ated  FIIM  a n d  FIA m o n i t o r i n g  systrtns  arch currently cstat)lishing
hascline conditions (s~ttus  and change) in most States  for many of lhc t~xpcctetl
effttcts,  and arc projec-ted  lo have full itnplelllcrttatiorr  for all SIatcs  and Tcrritorits
in 2003. Those  integrated monitoring systctns have pt-odttccd  it~forttiatiott  on latid-
11s~  patterns and fi)t-cst  fragmentation; tree  growth, mortality, and diversity; insect
and disrasc  dcli~liation  and mortality, atlci  altered trtc  susrcptibility  to those  agctlls;

damage to trees  from insects, diseases, storms, and other events;  crown diehack and
foliagct  trartsparency;  exotic insects, pathogens, and plartl  species; fttcl loading and
alteration of‘ historic fire  regimes; deviation in number of yctat-s  of‘ modcrate-to-
scvcrc  drought; deposition of ozone and ion air pollutants;  ozone irtjrtty on
bioinrlicator species; soil nutrients, cotnpaction, and erosion; native,  exotic,  atid
lichen species richness; and tree and soil carbon.

The most common problems evaluated to date were (1) Related  to direct  hutttan
interaction with forest  ecosystems such as f o r e s t  fragmentation and htf-Itse  p a t -

terns; alteration of- historic fire regimes; native insect and disease outbreaks and
sttsceptibili~y  of forests to thrse  agents; and others;  (2) related to the  inadvertent
introduction of a variety of relatively new biotic and ahiotic  stressors  including
ittvasivc ins<scts,  paltiogcns,  and plant species; deposition of‘ toxic ions, low precipi-
taGon  ~1-1, and ozotle; and others; and (3) a diverse  group of indicator-s ttor  ycat
specifically linked to cansal  agents including low soil p1-i and cations, deteriorating
crown dieback and transparency, and r&Lively  high mortality volume/live volume
ratios, and dt+ations  from historic averagc5  in the numhcr of niodCr;rIC’-lo-sr\.(‘r(‘
tlrought years.

Clirriacic  change is occurring globally and expected 10 accelerate sortietit~tc in tht
next 30 to 100 years. 111 the tieal- fulure il is cxpccled to cattsc additional irtcrc;tses
in (:C>,  and other gases,  increased tet~ipcrattrres,  sea k?vc-l rise,  changes in pattct-ns
of precipitation and temperatut-c, ;ltlcl  chattgcs  i n  the  ft-qttcnc-y  a n d  sc:vcxrity  01‘
t~xtrcmc  wcathcr  evcttts  (IJSEL’A 2000;  NAST  ‘LOOOa,b;  IP(X:  2 0 0  1). ‘l’trcsc wide-
sprcad  climate changes are cxpccted lo citttsc chatigcs in fijrest  produclivily,  in-
creased ittsrct  atltl pathogen outbreaks, redttction  of spccics  r-ichncss  tlw  to  rc-

tluced  ttiigralion  rates in fragmenled forests , and dist-trption  01‘  key e c o l o g i c a l
r&rtiottships  (Or-ions 199ts). Some key s(t-atc’gics sugg~s~cd  to identify  (hr. impacts
of climate cliangc on rcsourccs include the classilication  of‘ r-eliatAc>  sctisitivcl indi-
cators and development of extensive monitoring systems  of t~iological  diversiCy,
cotiitrtunily  composition, and landscape metrics  at local and regional scales
(Kitigsolvet-  rt  al. 1993).  Thesc~  str-arqies  arc met. by the  I3 fM  and FL1  tnoniloring
pi-ogrants.



‘l‘hc  c o n d i t i o n  o f  forest  ~:cosysi~~ttis  loday  i s  lht-  rcsrtlt o f  lhtb  inflttcrtccs o f ‘  t h r e e

sets o f  faclot-s. The f i r s t  set i s  natural  tnoclific:rs  o f  hr-csl  ~:cosW~ms  1h;tl iric~lrttfe

tc’mperatttre, precipitation, fire, c-litnate,  gtdogy, t o p o g r a p h y ,  i n s e c t s  and  d i s e a s e s

( p a t h o g e n s ) ,  a n d  cxlretnc:  wcaLht?- eVt?its t h a t  h a v e  shaped  forest  e c o s y s t e m s  f o r

m i l l i o n s  o f  y e a r s .  T h e  s e c o n d  WI i s  tlirchct m a n a g e m e n t  aclivitics t h a t  i n c l u d e  t i m b e r

ttar-vcst, f i t - e  s u p p r e s s i o n , and  ttt+an expansion.  Tlte t h i r d  sc:t  i s  ilI1  ever-increasing

tiitmbcr and type  o f  n e w  forcsl  ~1teisot~~ t h a t  i n c l u d e  a i r  poilttliori, csolic  species o f

t n a n y  taxa, c l i m a t e  c h a n g e ,  etc. ‘I‘hcsc  ttrrcc  s e t s  o f  f&tot-s have cottil>inetl i n  a

trirtltilttclc o f  w a y s  t o  shape  lltc bar-c;rl, tctttipct-ate,  sttblropit-id,antI  t r o p i c a l  f o r e s t s

titrrncl  itt (hc  LJ.S.  t o d a y .  A s  clitttatc~ change  acceleratc~s, the:  d i s t r i b u t i o n  o f  majot

forest  types  a n d  ;issociaEr:tl sp(~cies  willch;tttgc in respons(~ t o  ;tnd follow thca cttang-

ittg clitnalr:  a n d  weather paLLams (NASI’ 2OOOc). In some  cases the rate o f  dintalc

Clliltf~~f  m a y  excec:tf tltat ratV at which  forcsls c;ftl c2sily adjust  2nd  migt-atcl (USEPA

2 0 0 0 ;  NASI‘ ‘LOOOa;  ItY:(: 2 0 0  1  )

FOREST ECOSYSTEMS AND CLIMATE CHANGE IN THE U.S.
For-at  ecosystctns  in the  U . S .  cotnprisc IS’%,  o f  lhe  w o r l d ’ s  lctitpct-ale forcsts  and

neat-ly a  h a l f  o f  1  h e  c o a s t a l  letnpcrale r;tittfim~sl in 1  he  work1  (USKI’X 2 0 0 0 )  Atmul

It:tlf of tlte U . S .  f o r e s t s  arc  i n  I)ti\‘;tt(. ownc~rship.  ltt ~hc  lJ.S. the  tlortltc‘t-rt c’xpattsion

of’lctrtpcratc hardwoocls  and  sof’~wootls (tiec~iditotrs and  cotiifcr spc4cs) arc sloppc:tl

from cxpatiditig norlhw;ttd by clittutic- fiiccors (cold  tctiif~cr;~lrtrc scttsilivily), and

other c l i m a t i c  factors  (heal and tlrottglt~) a l s o  h i t s  Ihe sotttlicrtt cxpinsiori o f

boreal  tree  species. F i r e  2nd  hdCvorc5a l s o  help  dctc~rmine  the  l o c a t i o n  o f  the

ccolotial a r e a s  ( a r e a s  o f  t t i i x i n g  o f  l;vp) o f  dir’  hrcal littals in tire riorrh  and the

tctttpet-ale  f o r e s t s  o f  the  sottthct-tt Iatitudcs. ‘i’htts,rtntlrr cm-rent c-litttalic  concli-

l i o n s ,  the  d i s t r i b u t i o n  o f  that ttujor  forc’s1  grottps  mid titth c~c~oloti;i~  arcas thal

ScpZltXtC thcttl approxini;tt~ ;\ ~tont&~sl;~lic- coriditiott.

1  lkrnr.  Ec-01. Risk Assess.  Vol. 7 ,  N o .  3, ZOO I I299



THE fi’HM  AND FL4 PROGRAMS

The FHM progt-atn  uses  data from1  fixed-area plots, ;tet-i;tl  and  grountl  s u r v e y s ,

and other  trtomitoring  programs like the IJSFS-FIA  and NRf pro<gt-am’s,  IJSEI’A,
NADP, and NOAA to attalyze, inlerprci, a n d  a s s e s s  t h e  hcal~h  01. all mi;tjor  forest
ecosys~cmts  in  the U.S. Evaluations of fi)resi health arc gcncxtlly  based  o n  the

ct-ircrion ;trtd  indicators developed  in the Montreal Protocol (A~Iot~ytrtous  199.5).
The  status arrd/or  c-hangc  of I‘ragm~cmWiort  of‘ forests artd  lamd-rtsc  [Yatter-ms,  diver-
sityof  tree  artd undcrstory  species, the condition of tree  crowns, historic and current
fir-c  cortditiotts, reccttt  cliartges  f‘r-otrr  historic drought p2t’lt:t-tts,  air polluriorr  depo-
sitioti ;ttid  irnpacfs, riativc and  cxoCc  insects arid p2ttltogetis,  lichen species  richness,
anti  s o i l  c a t i o n s  and pI 1  were  c:v;tlu;i~ed  r e c e n t l y  a s  pat-t ofa rtaLiotta1  report oft  fore9
health covering 36 St;itts  fi-otri  1091  lo 1998 (St.olLc  el  nl. 2001).

111  additiom 10 the indicators currr:rttly  impletmenlcd  in 36 SMCS, other imdicatot-s
iiavca  km tlcvclopt4  attcl  a t - c ‘  plantird  for mttional  tlt~ploytricrt~  iriclrtc-litig  w o o d y

debris  and fuel loadirrg  (2001),  and the addition of’ the structure  and  diversity of all
rtndcrstoty  vegtltarion (2002). All 50 states  and tcrritot-its  :tre pl;tttttcd hr a n n u a l

tnonitorirtg  1)~  tf~c,  Ff-IM  and  FfA  programts  by  2003. In addition, corrtplcttrc,llt~tr
tiational  tmonitoritig  sysrcmts  with siruifar data collection protocols at-~  beitig  dcvcl-
ope~i  a n d  field  tmtcd Car  ut-ban,  rip;trian,  arrd  range  ~w~w~~II~s.

Landscape Scale Monitoring and Climate Change Models

The  FHM and FIA  trtomi~oring  progratns  opet-arc  on matiottal X&Y  al hunch-et1

rriilliori  acre  resolutioti ,  ;ltrd  ttecessitatc Lhc  dcvelop~rtetit  arid  IIS~ o f  b i o l o g i c a l ,

physical, anti  chrnicxl  in&nto~s  of key  processes and cotnpomcnts  of forest ecosys-
tctrts  that are stable  OIW  (he  santpling  window, represc~mtativc  of rrtauy fi,rest types,
Iogic~ally  fcasiblc, readily intcrpreral&:,  etc. For  cx;ttnplc, li~liar trarisl~at~t~mcy  is am
itidka~or  ofttie  amount of‘Ic2Earea  a v a i l a b l e  for I’tiotosyntlrcsis, a n d  c r o w n  dieback
is ;iri itidicXor  of thy  getter21 ftttictiomitt g of the  riulrient  cyc-litii,r  S)‘S~~IIl, (litIIl;tgC  OI



rrunagers and policy makers conccrncct  with robust, pragmatic models  that 1x111 be

riscd  to inhI-m  local politics, and influence economic decisions affecting tht  Ilow of
tiiribcr  arid  non-tirnbcr-  pi-octrrc’s.  In~or-matiorl  from empirical models derived f-rem
clrr;rlit)“-;rssirrcri,  long-term moriitorirtg  programs can provitfr  r-eliatdr  estimaLes  of
proctass rrlotkl  cnttpoints.  The Ft  IM  and FL4 programs are collecting the empirical
cI;ira 11wdetf  fi)r robust, pr-agmaric-  models as well as validating thr. outputs fi-on1  il
varitq  of process mocicls.  The  infi~rmation  pr-esentetl  in this rrport  provides  a
cursory rc\iuv of some of the  carrrpir-ical  data currently being collcctcct  1,):  the
programs,  arid  sorn~~ of tlic  rrwllts  to ctatc.

CURRENT FOREST CONDITION
‘l’hc inli)r-mation  presented  hrre is primarily fr-om the FHM National ‘I‘cchnical

KI*t)or~  1 !F) I IO  IO98  (Sloltc’  d nl.  2001 ) Ttrcs  rvpor-1  inclutlrs a~lalyst-s  of d;rt;l l’rnnr

fixctt  XC;I plots in 19111  to 19W (the  fi)rmctr PIlM  Detection  Monitoring plots, whit-h
arc now the  Phase  3 plots of the FL4 enhanced system), FIiM  acrid arlct  ground

sllrTq3, and  other monitoring prog~-ams. This information coml~irid with ttafa
from orher programs provides  bnscliric  informalion to evaluate future conditions of‘
foist t-cosyslc:ms  that have been  sribjectd  to changing atmospheres mci  clirnales.

This p:rpcr  srrggcsls  that  rclcvant  FHM and FL4  indicators will provide  reliable
inti)rmatiori  on many ofltte  bioiic  arltt  some  0Cthc  i%biOtic  dfccts ofclimatc cllarlg:c~,

how ttic indicator is I-elarccl  lo For-c51 hralth,  and a brief overview of‘ some  0C the
cur-rcn(  li~rc:st  conditions in thr. lJ.S.  b;rsetl on FHM analyses for the period  1991 to
1998.

Sornc~  fi)rcst  c~corqion sections arc cxhittiting diminished condition (p.,q.,  high
mor-lality  volurn~/gr-owth  vctlumc  or low soil pH and cations)  burr  in mosI  cases the
condition has non  been tlctinitivcly  linked 10 relatively high levels dbioGc  or abiotic
str-c3sors.  ‘1‘hc  results  tticdor-c  arc groupcti into three general caregorics ofabiotic
S~I‘~SSOI’S,  biotic sIrcssc)rs, and  current fbrest  condition. Most of the biologic;tl  data
is t’rom  the I;1  IM  and FL4 prog~mns,  and  most  of the abiotic  stressor  clatn is ILom
0tlic.r  programs (Stolle  d al. 2001). GIS rnqs  iritlicale  the staIris  or change in
indicators,  cl;~sses  of‘valr~s  t~lsc~t  on ~~atl~rxl  t)re;tks  in the  data,  and tht’  location of
li,rc.st cc-or-qiorr  sccrions  (Hailcy  199.5)  that have the  relatively high or low values  iitr



each iridic;ttor.  (2s  maps  wcrc  also iisctf  to identil~  ecoregiori  sections with tltc
highest nrttnber-s  of strcssors  and/or relatively ditttitrished  indicators of Li)t-cst  con-
dition.

Insects and Diseases

Native insects and discascs  (pathogms)  at-t>  natural cornponcnts  of any  hc;rlthy
for-est ec~osystcrti,  and play irnpot-tatit  rolt3  in thch  normal  successional p2t’ertis  of‘
tt-cc spccics  and stands. The  impact  is cxacerhatd  by  past trianagcnit~nt  practices
that have  resulted in senescent systems without a healthy mix  of‘age  classic  and  scral
slages.  Exotic insects  and diseases are  unnatural cori~ponerits  of ~urwnl foresr
tm)systerris  and  lack the biological and  climatic controls that usr~rlly  keep nati\re
itiscct and disease populations tinder  c-ontt-ol  and limit Che dfects  on fim:st  ccosys-
terns. Consequently, exotic  species  oftmi  cause  excessive dcfoliatiori  anti tnortalit~
and  can aluzr entire  Ihrest ecosystmns  (FI 11’ 1999).

Clirnatc: change is likely to affect insect and pathogen populations mcl  hosl plant
spdes  because changes in carbon dioxide  levels, tc~rripc2-atut~c:,  cloud cover, arid
watc=r  and  nutrient mdability  all affccl plant resilience to stress (Ayres  l99S).  The
efft:cts  of climate change on native and  exotic species populations  in litrest.  ecosys-
tems can only be eslimaLed,  but significant increases in defhliation  and mot-tality arc
likely.

(;urren~ly  the largest problems in the East arc exotic  insects and  tfisascs,  and
epicft~tnic  outbreaks of native insects and diseases. ‘I‘hc:  prospect  f’ot-  invasiou of new
species anti the expansion of existing exotics is high. Currently  gypsy rnotl~,  hcrnlock
wooly  adclgid,  and beech bark disease arc exotic species  aft<lcting  huntlrctls  of
thousands of- acres in the Last. Other  pt-oblern  insects arid  tlist2ses  in ihc East
includc~  tio~~wood  antht-acnose, butternut cattker,  fusifbrtm  r-ust, and  sourhcr-n  pint:
beetle.

In tlie  West,  native insects  s~tc-Ii  as niountairi  pitic  beetle,  western  spt-ucc  butf-
worm,  and spruce  beetle, and p2u-asilr2  such as  dw;uftnistletoe  and  root disc293  are
affccGrtg tnillions  of acres of forcsls. Native insects anti cfiseasc  popul;rtions  arc  at
ctpidetnic  Icvels  due ICI alterations  of‘ historic fire cycles  and olhcr  titctors  that  have
changed the structure and  successiorial palterns  of fbrest ccosystcnis,  t-etitieritig
&am  rnorc  susceptible to attack and providing conditions conducive IO suppot-ting
large populations of pests.

Projections of native anti exotic itisects  and  tliseascs  irtipac’s on  forest ccosystetns
in the lJ.S. are disturbing, with an expected increase in nrortality  of host tree  species
by 2.5%  or more over the next I5 years (Plate  la*) (FHP  19%)). ‘I‘hcsc  prc?jcctions
are based on current  stand conditions, host tree  sprc-its, a n d  riativc ;uiti exotic

:i: I’latcs  appcx  Li~lfowing  page  13  16.



Abiotic  Stressors

7%~  abiot  ic slrcmors o f  most conc~wi  in fi)t-cst ~~~sys~etris wert:  f‘r-agtnctitat  iott

iltlti chmgc i n  land  ttw o f  i n t e r i o r  hrcsr st;tttds, c-llatlges i n  h i s t o r i c  tit-c regitrws,

tkviatiotis i n  ;tvctragc  ttttttil~cr o f  ttiotfct-;rtc.-1o-sc.\f~t.c. tit-ought  y e a r s ,  arid rc:l;ttivcl)

high  drfxcitioti o f  wet, dry,and  p~otts a i r  fx~llttt;ints (Stoltc rt al.  2 0 0 1 ) .

Fragmentation and Land-Use of Eastern Forests

Land  use  c-ltattgc- and  fi-agtrtt,ritatioti o f  hrcst tc‘osysl~~rris  arc m a j o r  ttit-eaki  t o

fixes1  Limlth t)cc-;tttsc tltc flqtricwLttiort  offim5ts isohtcs (tie fjfant and  animal gtwt

fools, wndcring pof~ul;ttiotrs  less  t-cssilicmt t o  so-cssors. Addition;tlly, a s  forc:sr he-

come more Crqtrierilccf arid  latitf use  chtigc3  fi-otn  hint  t o  developtd tiscs, ctlgc

intet-actions  witlt 0Chcr Iattd-use  typei ittcrcwit~s mid ittct-wsc the  possibiliiy o f

ititrotluctioti  o f  ti~w strtxsors,  and  g~tic~rally r~trdcrs  the  Li)rcst fi-agtnents  l e s s  rcsil-

icttt t o  sft-e‘ss  (Kii(tct-s ul  c/l. %Mh,b).

1 3 0 3



Ct’ltilc  la-gc:  cortLigttorts  blocks of‘ fitrest  may  t t o t  1~ of grt3I irttportancc  fin
human ret”, exccpL  i ts ;r r.c~ct~c;rtiotial  arid  w i l d e r n e s s  expcrictict~  arcas,  they  are
important to many  wiltlliii,  spccics  and to maincain  plattt  getteLic  diversity within the
fi)t-et  ccosysttm.  I ~rbani/ntioti  ;trttttnd  popttlatit~ri  ct’t1ter.s  cotilirtttes  to  fl-agnttant
the  fhr~5l t~cosyst~rtts  in pt~oxitnity Lo and more tlistattc 3fcas, and I Itc irtct-case arid
cxp;tnsiott  of‘roatfs  and  othc’r  lr;trtsporlation  corridors crutt3  ttew opportunities li)r-
dcveiopmcnr within cortLigttotts  fi~r-est  areas (Kiitter-s d ul. 2OOOb)

Recent an;tlysCs  of e;tsLc7rt  U.S. ti)rets has  shown that Athotiglt  Llic area of fhrc:st
land has itrcre;tscttl sirtc-c  Lhc  tdy  1900s and sLahilizecl  sirtcc  tlte i!)XIs, Lherra  has
been  a sLcady  dcclitrc  in thti at-ch;r  of‘ ittcerior  forcs~ habitat  in the  atstt‘rrt  lJ.S.  Fot-
caxarttple, there is a t-clativoly large and stahlc  amount of’ ~‘OIXYSI  in the e;tsLcrn lJ.S.,
Ijut it is fi~u~td  in irlrtX:itSirtgly  smaller- patches rathc~r  that in large, conLigttorts  units.
Figttrc  I b shows Lttc small rctrt;titting  areas of interior fort*sL  in the  eastern I_J.S.,
bastact  on 3O-nt~L~r  pixils  trottt  s;ttcllitc  data in the  ~~ilt~l)’  19!Hk.  In most  ecot-egion
scaions  interior fi)rt% aCcotirttCd  for less rhart  half of lhc lotal  fi)r-c5L (SttdLc et al.
2001 ).

Air pollution

Air polltttartts  art’ always ;t  concutt  because  they  are rc~l;tLivc~ly rtew st:lrctivc  fi)r-crs
(like exotic  species)  Lltat  have  not c~~~~lvcd  with existittg  f’ot-c,sL  ~cosysL~~ms  and h;tvc
grc3l potential  to cause  serious impacts to forest  healLIt  anti  strstairtahility.  Ait
pollutants impact sttscq,iilA~  species  Lhrortgh  dirccL  dc~gratlatiott of‘ the  pltorosyn-
thetic  system, av;til;rbility  of ntttt-ic’nt  and toxic cations in Ihe  soils, and/or t:Eec-ts  on
lhe  vigorot‘fint:  roots (Srttitlt 1974). hit- pollutants oflc~rt  work scxlu-lively  on sensitive
gcrtotyprs  of srtscepLildc  spccics  or key ecosystem proctxsstks  (e.g., soil rttltricnt
cycling) and It:;tti  to  dircc-1 anti  indirect impacts on  pt-otlttrtivity,  sttr~ival,  arid
tfivt&ty  of‘plartt  corttttttrnitic’s  (Millu 1992).  Efkcts  on  f~ruttal  species  cat b(b  tiircrt
(p.g-.,  fluoride) bitt tttosT  oficrt  act  itidit-ectly  Lhrottgh  itnp;tcfs  on host plant cotttttttt-
ttitics  (Olson et al. l<W).  Sotttrl lichen species  at-c  cspeci;dly  scnsitivc  to sulliir  and
n i t r o g e n  tlcpositioti  (M;tnriirtg  and  Fder 1980),  a n t i  tliffcrcttces  in comrttrittit~
rompositiort  can  bc ~cwd to idcnril),  firest are;ts  with signilicatit polltttartL clc~position
(Stdtc  ul  Id. 1993).

(XirtiaLt~  charigc is cxpu.t~d Lo alter  emission  anti  &~posiLioti pattcrtts  0C partictt-
1;tt(‘  and gast’ous  polltrt;rrtLs,  dtrc  to ciircc-I  cff+c-Ls  oft~hattgcs  in witttl anal  pt-ccipita-
lion  pallertts,  anti  itttlirCcLly  through  change in human itsc of cntqy  and popula-
tiort demographic-s  (IJSEI’X  ‘LOOO;  NASI‘ 200Oa,b;  Il’(X:  200 I ). (Xitttatt~  clt~tg~ ma)’



increase pollrrtanl  emissions, dq~osiliotis, and  cxposi~res  in currently polluted ar-
eas,  and  may result in the introduc~tion  of air pollutants itr arcits  whet-e current air
qualily  is relatively pristine.

There were large arc’as  of the  northcentral and northeastcrtt  CJ.S. that ;ttt~tnally
reccivcd relatively high deposition ofnitt-ogett  (nitrate, amtttoniunt,  total N), anions
(sulfates,  nitrates),, and acidic precipitation pH (< 4.5 pII)  (Stoltc et  al. 2001).
Aver-age wet deposition of sttlf‘atcs,  nitrates, atnmoniurn, and acidic- precipitittion
wcrc  elcvatcd in ttiilliotts  of acres  of forests in the Easter-n lJ.S.,  primarily in the
c‘astern  Great  Lakes  area, the  Northeast ,  and  the mid-Atlantic.  tnterpotation  of‘
deposition I’rorn  1979 to 1995 intlicatcti  that elevated nitrate, ittririiotiium,  and total
tiitrogen affected $1 oi- most of 19,  48, and 25 ecoregion seaions, rcspcclively, our
of a total  of 109 forested c~corcgion  sections iu the U.S. Elcvatrd  sulfate  deposition
affected all or most of 27 of‘ I09 rcot-egiotts  in the U.S. Relatively low acidic
precipilation  affected all or most of59 of the 109 ecoregion sections. The biological
r~artiifications  of this dcposilion arts  currently under evaluation.

(Xmatc chattge  is likely  to affect the severity arid  distribution ofozone  exposures,
and  the relative impacts lo plants, since emission patterns of- nitrogen oxides and
temperature, amouttt  of-solar radiation, and wind patterns a-t‘ Iikely  to affect ozone
formation and transport, as wcall as ctian,ges  in soil moisture patterns that will affect
plant uptake of ozone  (LJSEPA 2000).

An evaluation of average ozorie  concentrations for the period 1993 to 1996
indicated many forested ecot-egion  sections in the East artd parts of California in the
West  experienced elevated omne exposures. Ozone exposures wet-e frequently high
enough to injure ozone-sirsceptil,le  plant species identified in lahotatory  and field
studies (Miller rt al. 1992). In lhc East, ozone irtjury  on ozone-susceptible hioindicator
species in 1994 to 1998 was consistently found in parts of the South, the Mid-Atlantic
area, New England, and parts of the eastern Great Lakes area. ‘I‘he amouttt of injury
found was consider-rd  sli~tif-to-ttio(~~~r~tt~  in many of tho itff+ctcd  arcas,  and scvcre
in some parts of the Mid-Atlantic  (Stoltc rt  al. 2001).

Number of Moderate-to-Severe Drought Years

(Ximatc  change is expected IO shift the  location and severity  of droughts in many
parts of the L7.S. Chatrgcs  in tempemture, rainfall amounts attd  titning, and plant
ev;tI”“trartspiration  will prohahly  alter the historic drought patterns in t.he  inter-
mountain West, Northrast,  and Southeast U.S. (Kareiva  et  al. 1993). Moderate-to-
severe droughts are not a new stressor  and have convolved  with li)rest  ecosystems.
Deviations in historical patterns of drought, in combination with other factors such
as exotic insecls  and pattiogcns,  high fuel loading, etc., are a serious  concern because
of‘ the possibility of exam-erh;ttitig  riormal  patterns of growth, tnortality, fit-e, and
insect  and pathogen predation (Mattson and Hack 1987). Dt-oqz,ht  patterns were
analyzed using l’almer 1)rought  Scvcrity  Index data from 1895 to 1998 (Stolte rt ccl.
200 I )

Annual drought from 189.5 IO 1998 indicated a cyclic pattern  of tnoderate-to-
severe droughts affecting 40% or more of the  1J.S.  on an average of 26 years, and
at1 average shortet-  13 year cycle affectittg  20 to 30%  of the  IJ.S. (Stolte  et al. 200 1).
Additional att;tlyscs indicated I Itar  the average nutnber oftnoderate-tc~se\lcre  droqght



Alteration of Historic Fire Regimes

The  hisloric fire rcyjtum were t~as~tl  o n  thts frcyttt~ncy arid  ititensily o f ’  hi-tting,

w h i c h  dcpertdd  ott tlic bttiltlup o f  fuels,  wt3tItcLt- c~onditioris, aid tttc: occttm~ttc~~
o f  i g n i t i o n  sottrct’s.  H i s t o r i c a l l y ,  most lit-m wcrc started  hy l i g h t n i n g  s t r i k e s ,  and  firm

humcd tttitil 11tq,  r-m o t t l  o f  f u e l ,  wet-c stoplml by n;itrtr;il lantlsc-apt:  fi’alttrc.s, o r -

wcr-e  clottsecl by signific-ilrrc precipitation even ts .  (:hariga i r t  historic f i t -c  rcgirnes  2nd

otttc:r l a n d  nimiig~rtt~~nt  p r a c t i c e s  have re3tltcd i n  q~iciernics  o f  ttative i n s e c t s  and

p a t h o g e n s ,  r e l a t i v e l y  h i g t t  m o r t a l i t y  f o r  some  spht3, anti pit~td stiif~ li-otn h i s t o r i c

cycles o f  nutrim t cyclitig and  scral  devc~loprnen  t o f  stmds (FSI, 1  Wh)

(Xittlatc~ (~)t;1tlgc  rttigltt fitt-tltt2-  rrlotfit’y  h i s t o r i c  fit-c,  c.c)n(li~iotis, mcl/or Imtl t o  at1

incrcasc  ot’  dcc.rcasc~  in ti~-c scvcrity and  acrm bt~r-nd. Alter-ations  i n  f u e l  haling art‘
likely bc~c;rrts~  o f ‘  the  mticiparcd itlcreasc~s in 1r.m’  rttortalit), f-rottt  tlrought o r  flootl-

itis, incrcasd insc7t  aud  l~a~liogetts, and/or  cltarigc5  i n  uti&:rst0q~ vcy(ation.  I n

a d d i t i o n ,  ch;tngCs  in tlrougli~  piltertis  ttiq~ alter- fir-c,  wmlItt~r coriditiotts f i - o t n

h i s t o r i c  f i r e  tq-irtlcs (lJSl+:I’A 2 0 0 0 ) .

‘I’lic hi-cc cut’r~tt(  cotitfi~iott classm c‘aCqy)r-i7.c’  dcpirlut~~  f’t-otri  t Ire  Iiistoric.  fir.<:

r e g i m e s  hsccl o n  five ecosyst~tn attrihttr3: distur-httccs  rcgitric3,  tiisturtmtc.e agc’rtls,

smoke producriou, Ipdrologic-  f u n c t i o n ,  a11d vcyt;~tivc attr-ibutcs.  <:ontiition Clitss I

inclica~cs currrnt ecological  c o n d i t i o n s  ilrC  s i m i l a r  t o  hislot-ic  cottdi(iorts, a n d  lirtlcb

or-  uo  tn;tnagcnr~n~  a c t i o n  would  be ncdeti for t~t~siom~iorr. (httditioti c l a s s  ‘L  i s

chat-actm-iad 111, ttiod~~2~(~  ticvialiotts iii cm)logic~al c-otitiiriotts c-ornplildc with

ltisroric fit-c- txyjttlvs, and  tmlor;ition to hiscorit- lit-cl  rqitric5 rquircs s o n i c  silvicttl-

titt~al trc‘atuimr. (hrrcrtt cmttclitioti class 3 repi-c3c’tit.s m~jot- clc’vi;rtioris f i - o t n  tlic

cm~logic-al c-onditioris  coirtp;t~ilA~~ wirtt Iiistotic fit-C  t-qittte, mtl s i g n i f i c a n t  rttatt;ig(~-

tncnI activitic’s sttch a s  ItatTmtitig arid tqhntitig  l o  rCstorC tttc h i s t o r i c -  fit7 r-cgitnc

(ISI‘ lO!V~b).. .

For-t)i-to-s(~v~ttt~, pct~cen~  of’f’orc‘sts, tt~ostly i n  the  M’c~t, sotttht:rn 1,;tkc SUIW ;wc‘;I,
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Forest Condition Indicators

(:onttitiorl ittdicators  at-(  lXtsic2lly the  physic-A,  rhrtnical, 2nd  lAological  t-t:-
sportses  of the  fitrests  10 rhc triyr-iati  biolic  a n d  ahiotic  &tot-s t h a t  s h a p e  each
rcosystt’tn.  They  1I1;ty  IX  bro;tdl~~  ticfined Xi rnctrics  that  p r o v i d e  q u a n t i t a t i v e  o r
qualitative estimttiotr of the  cttucnt stale oforte or more  key  ccx~systc:~rt  components
or prmcmst:s  (itat  at-(’  irnlmt-tatt(  i n  Ihr:  o v e r a l l  i n t e g r i t y  o f  the  syscen-1.  Thcreforc,
rnrrltiplc condirion  indicalors  contribute to irnprovmi  tttld~:rstatttiinS  of the genet-al

tittrctioning o f  forest  ecosystt’rtls.  l.ortg-tcrtn  m o n i t o r i n g  o f ‘  c o n d i t i o r t  i n d i c a t o r s
provides  t:stitn;ttcs  of 1hc  cltanges  itt forest  ccosysterns  over  tiritc.
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The  diversity  of tree  species in Iltc  36  Statt5  c~vatt~aleti  v a r i e d  gc~ctgrapliic-ally,  wilh

r e l a t i v e l y  h i g h  d i v e r s i t y  ( 2 1  t o  2-3  species)  i t t  t h e  ICast  and  m u c h  l o w e r  t i i v c r s i t y  ( 1  t o

5 species)  commott  i n  Ihc:  W e s t  (Stoltc  f>t al.  200  1 ).  ‘Tticse tliff@rrnces  in tittmbct-  o f ‘

Irec’  spccic:s  t-cflect  the  diffc:rt:nc:c5  i n  nt0istttt.cregimes,  s o i l s ,  t o p o g r a p h y ,  distur-

t,arir:c:  h i s t o r y ,  czlc.  Tree  s p e c i e s  diversir),, a n d  chartgc  i n  tiivcrsity,  w i l l  bc  avaitablc  a t

finer  sprial  scales  (  1  p l o t  e v e r y  6000  arrcs)  as f’ttirsc  2 o f  i h e  FIA  propm  b e c o m e s

fully  itnptctn~nttti,  2nd  comt~inetl  witli aer-ial  strtvcys  and  s a t e l l i t e  m o n i t o r i n g  w i l l

h e  abtt:  t o  ttciwt  c h a n g e s  i n  sp-iei  pt-e+~~tlc~~  arid  ahtmtlanctt.

The  d i v e r s i t y  o f ‘  understory  p l a n t  species,  measured  i n  FHM p i l o t  t e s t s  irr  a  fi:w

slates,  w a s  r-clativdy  h igh  (2  to  20  s p e c i e s )  itt  m o s t  a r e a s  except  pat-cs  of‘the  Georgia

a nd  Atal~atna  (Stotte  et a l .  2 0 0 1  ),  which  may rcflcct  the  l a r g e  amount  of ‘  fhrest  arca

tlevotcd  t o  tree  p l a n t a t i o n s  a n d  other  land  rttanapnerit  a c t i v i t i e s .  T h i s  iritiicalor

w i l l  bcgiri  t o  coltccl  n;ttionirlty  standat-tlized  dala  o n  a l l  v a s c u l a r  p l a n t  s p e c i e s ,

including spccics ident i f ica t ion  arid  covet-, and wi l t  a lso  be  a n  invalnalAe  moni tor ing

t o o l  t o  dctcct  c h a n g e s  iti species tfistribrttions  due  t o  climale  change  efft:cts.

I,ictrcn  specit~s  clivcrsity  m a y  be  one  0L‘ t h e  f i r s t  g r o u p s  o f  plant  t o  rrspond  t o

c h a n g i n g  c l i m a t i c  c o n d i t i o n s .  Since:  tichctis  l a c k  stornala  a n d  c a n n o t  c o n t r o l  g a s

cxc-harige,  chatiges  i n  l i c h e n  rotntnrmitic~s  m a y  be  t h e  lirst t o  r e s p o n d  t o  tenipera-

(WC and  ttioistur~  c h a n g e s .  This  m i g h t  be  c5p~ci;tlly  evident  i n  s t a n d s  w h e r e  n o

o(hcr  s i g n i f i c a n t  dislrtt-i)atlccs  arc occurt-ittg.  A n a l y s e s  o f ‘  l i c h e n  comrnunily  data

t-elates  sctrsilivily  of‘lichen  spcc-its  to  ktiowti  air  poltutiot~  arid  c l imat ic  gt2dietits,  and

c~~tr  plot  i s  gi\rcri  an  air  pollrtliott  and  c‘lintatc  score.  ‘I‘he  b a s e l i n e  rlimatic  scores  for

m a n y  states  arc  atrtdy  cslablishctl,  and  can bc  o b t a i n e d  fitr- m a n y  olhcrs  aflcr

tlcvctol)tnc,ltt  o f  ;tppropriate  gratlicnr  motl~ls  (Md:rme  d al.  1997)

Dieback  and Transparency of Tree Crowns

‘I’rc~t~  ct-owtt  condiliori  i s  a n  ittipot~rattl  i n d i c a t o r -  ofitidivicirtd  tree  and  tot*:st  s t a n d

h e a l t h .  A l;irgc  tiutnl~~~  o f  stttdics  have  rc~lattd  crown  cotrdilion  t o  tree  g r o w t h  attti

protlrtc-livity  fbt-  i t  v a r i e t y  of‘trecs  spccic3.  (&net-ally,  lrc‘c’s  w i th  la rge ,  firll  c r o w n s  ttave

the  p o t e n t i a l  to maximize  g r o s s  photospthcsis  bccattse  t h e y  are  a b l e  t o  captire  a

large  p o r t i o n  o f  I h e  s o l a r  r a d i a t i o n availaldc  d u r i n g  t h e  Cgt-owing  season  (%tollc’

1997).  ‘l‘wo c r o w n  varial~tcs  frequctirly  rq)ot-ted  o n  art‘  t h e  m o r t a l i t y  of‘thc  lcrminal



twigs in the sun-exposed portions of trc~:  crowns (diehack) and thr transparency of
the  foliage of‘ the whole  trot: crown to sunlight (i.e., sparseness of the  crown foliage).
These  variables generally t-elate to the ;trnotrnt  and frtllncss  of foliage, and vigor of
the apical growing points  of the crown (Stolte et al. 2001).

(Xirnatc  change is likely to affect IKC crown c-onditiott.  (%angc:s  in temperature
and precipitation paccerns,  insect and pathogen activity, and nutrient cycling pat-
terns arc all likely  to affect the size and arnontt~  of fbliagca in tree  crowns, and the
vigor of the apical growing twigs on  the crowns.

The status and change in crown transparency and dieback of hat-dwood  and
softwood species indicated that many  ecot-egion  sections in the (&at Lakes, sotnc
in the  Northeast, and parts of the West had relatively  ditnitrishcd  crown condition
(relatively ltigh  foliar rrmsparcncy and high crown dieback), based on the condi-
tion of tree crowns on other plots (Stolte et aI.  2001 ). This condition could often be
attributed to insects and pathogens, current climatic conditions, or stand condi-
tions. In some  ccoregion sections, ftrrthcr  evaluations wcrc  needed to determine the
associated cartsc: of the  diminished crown condition.

The current condition (1998) and recent changes iti hardwood foliar trmspar-
ency  found in ecoregiott  sections  in the Great I,akes  arm wet-c  relatively high, with
current averages of 20Cj&  or greater, and an overall incrcast%  froi-1~ 1994 to 1998 of 2%
or more per year. The current condition (1998) and recent changes itt hardwood
crown dieback was also high in the Great Lakes  area, attd  in ccoregion scctiotis  in
New England and northern Idaho.

The current condition (1998) and recent. changes iii softwood fbliar transpar-
ency found in many  ecoregictn  sections in the G-eat  I,akes,  tltcs West  Coast, parts ol
the  mid-Atlantic, and much  of the Sou(heast  wets: reiativcly  high, with current
averages of 15% or more (Plate 2b*), and had increased 0 to 2% or more per year.
The status  of clieback in softwoods showed tnany of the  satnc  ecot-egion  sections in
rhc  (;rcat I,:rkrs,  Northcast,  parts of the South, anti  pat-Is  of t tit, West had rtiativc~ly
high dieback levcis  (4.6 to 19%),  particularly along the  hfaine coast. Most of thest>
saute  areas showed dieback to be increasing at 0 to 2% or tnorc’ per  year.

Biotic and Abiotic  Damage to Trees

Damage catised  by  pathogens, insects, storms, and itutttatt  activities can signifi-
cantly affect tite growth, reproduction, and mortality of trees.  A datrqe severit)
index was calcrtlated  based on the number of damages recorded on the  tree,  thoit-
location, and their severity (Stoitc  rt al. 2001). Damage indices were c;ticttiated  fbr
individual trem  and avcragcd at the plot level for softwoods and hardwoods.

in the field, tree  datnag,rt  is recorded ifit is considc~t-et1  serious  cbttottgh  to incrc;ts<:
lhe pi-obai~iiily  thal  a tr-er will bc infected by lethal p;tth0gCns  (srlctl  its opt’11  wotttlds

or broken branches), that a tree will  die pretnatureiy (presettcc  of pathogettic
conks, cankers, or broken roots), or that the growth and/or- rq~roducfion of thr,
tree wilt be seriously depressed (such as high defoliation or brokett  branches).

Climate change is likely to affect  the severity and spatial patlc‘rns  of datrrage  to
trees, since  tree darn;tge  is a cotnbination of many  ICoLic- (insects and diseases) and
abiotic  factors (wind storms, changes in spring and fall ti-cezes,  etc.)  that would i)c
affectetl  by  a changing climate (IJSE:PA 2000; NASI‘  2OOOa,b;  Ii’(:<: 2001 ). Types of
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f-lardwood  tree  d;un;rg~  was relatively higlt  (an average:  of‘ .10 to lOO%  of‘ (I.CCS
injured) in parts of’(:olor;~lo,  western  Mryorning,  Idaho,..ind  (:;ilili)t-tiia.  In cotttrast,
rnosl of the eastam ecoregion stbctions had  only 2O?L  ot‘ ICss of trees  with ;ttly  d;lrnagc~
recorded. The  same  ylmer-al  pattern held for sof’twood tree datnage, with tnost
Weslern  c:cctregion  sections ;tver;iging  30 to 100% of‘ lhc” trm:s  darnaged, and most
Eastrrn sections with 100/c,  or less trees datnag~d.  In sent<‘  l%sler-n sm-tions,  ;rvtmqq3
wc’rc  higher (10 to  30%)  In all areas, for both  hardwood anal  softwood spc+c5,
itidividrtal  plot-lcvcl  tlmtagc~  sevc,rity indices wet7 sotnetitn(5  rc:l:tti\.cl?~  high (.57  lo
I fi0 index valttc).

Tree Mortality

A useful mortality indicator f’or  fores~ across the lJ.S.  is to ratio at~ntml  mot-tality
volume to gross volrttnr  growth  (MKATIO).  Trc:c:s  lost to hat-vest arc not inc-lttded
iii mortality cslitrt;ttVs. i\tt  ~IlL~l’lO  valrte gr-t2t<T  than  Ott< . itidic ;rl<stl I hat  rnotT;tlil\
~xt-ended  growtl~  ;t~td  live sc;tnding  volrtrn~ had :rctr~all!~  clt~r~asc~i.  In ;tddition,  thcb
tibh  (c&meter at  I/~-cast  heigltt) of trees  that died cotnpar~d  to the  dhh 0f‘trCcs  lhal

at-e  still living at tltca plot (DD1.1) ratio)  gave  an indication as to  the  tr&ttivc~  sizt2  of
Iht: trees  lost to rrrortalily.  A I)DI,l~  grratcr that1 1 itidicatc5  lhat  the  avcragc size of.
the trees  that died was grater than the avcragc size of’ lht: t~muinin~ live trec‘s.

(Xirnatc  change is likely to affect  tree  mortality pallertts  since many  ltxx spu-its

will be  iti amas wlterc  tltc charlg:c-d  climate no longer supports  lltt, tt.tTs  that  wctX
timnd  &et-c  historically. I,arge arms of’ tr-ce  mortality are likely, partic-ttlarly  along
ec:otonal  areas l~clwc~ti  major fbrrst  types. In addition, the  tnyriitct  0f‘ctthcT slressors
that  are likely  IO  chartgc, such  23s  insect  and disease  ;tc?ivily, will fitt-thc’r  incmtsc,
nrortality  itt  some  arms (Ivm0t1  rt  a l .  1999).

MKATIO valttcs  wet-c r~larivcl~~  high (0.6 LO 10) in tlttb west(mt  (ireat I,akes  area,
northern New E:nglattd, mtl parts  of  Idaho attd  northtat-n  (Xif’ot-nia  (Stoltc  pt (II.
2001 ). On sotnc  plots in these  ccorqion  sections with high MKATlOs,  the  1~1~1~1~
valr~es ranged f’rotrt  I .2  to 10,  intlicating the  trees thaw died wet-~  on average the
largcsl trees in the  stand. Sotnch  of the  tnortality  can  bc, attt-ilmted  to cut-rtAtit.  st;ttttl
conditions, insect and dismsp  activity, and other f~lctors, atid  sonic’ mot-Ctlity  cattsc3
are still under c~v;tltt;tlion.
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NUTRIENT POOLS AND ACIDITY IN SOILS IN U.S. FORESTS

(:linlatc  chattgc  is  likely  to affect  tlccotrlposition  p r o c e s s e s  and  ntttricttt  ;tv;til;tt)il-

ity  thrortgh  altctt-atioti  o f  s o i l  rrtoistrrrc,  s o i l  tcntpcratiire, a r i d  littct-  q u a l i t y .  I n

aclclilion,  changes  i n  t h e  riming  iltltl atttotttlt  of‘  r a i n f a l l  tttay  aft&t  thr~ sc*vc‘t-ity  arid

patter-ns  o f  s o i l  crosiott.  As  tetrtpcralrtt-t2  ;mti  precipiration  changes,  sltort  and  long-

ttartn  cltattgt~s  i n  t t t i n e r a l  rtitrogm  ava i lab i l i t y  due  to incrcascd  (::N  r a t i o s  ni(t-ogcn

w i l l  occ~tt-  (Ayrcs  1003).

Ntttt-ient  c a t i o n  availal,ility  was l o w  o n  many  p l o t s  i n  the:  Eascct-tt  s t a t e s

(StoltC  (:!I  al. 2001  Excharigeat~lc  calciuttt  t-arlgcti  ft.Ottl  0  t o  1  . O  011 Sor71C EilSt~‘rtl

plols, arid  rat7geti  f r o m  I . O  10 50%  o n  tnatiy  W e s t e r n  p l o t s  and  scattered  p l o t s

iti  thcs EiiSl.  lCxChangtI?;rble  rtiagnesiutn  V2*ltICAS  t-atlgetl  fuotn 0 . 0 4  (1)  0.9% otl

many  Easterti  p l o t s , a n t i  o n  rrratty  tnoitnlainoits  p l o t s  i n  C a l i f o r n i a ,  O r e g o n .

W a s h i n g t o n ,  a n d  I d a h o .  M a g n e s i u m  valrtr~  o f  3 t o  18.5%  w e t - e  found o n  oul)
a f t t w  p l o t s  i n  the  W e s t .  M i n e r a l  s o i l  samples  a r e  a n a l y z e d  for  exchangd~le

calcium, ttiagnesirtnt, a n d  o t h e r  c a t i o n s  by  atntnonittni acebte  e x t r a c t i o n  a t  pI--I

7 .

‘l’ii(~  pI 1  o f  t h e  surface  soi ls ,  rrimst~t-cd  by  water  extraction,  w a s  relatively  low (3.  I

IO 4.3)  on nutty  plots  in the  (it-car  I.akcs  ;lt-<‘it,  titr~ Nortlmtst,  [he  rtti&\~I;ttrtic,  atttl

thtb  SortlIt.  It1 t h e  W e s t ,  s o i l  pl I  valrtc~s wet-t’  altnosl  a l w a y s  h i g h e r ,  r;itiging  front  4..5

l o  8.2  Ihal  i s  prol~ably  atit-ibutd  10 lhe  mot-e  calcart~oits  s o i l s  found  i n  a r i d  r e g i o n s

o f  t h e  Wcsl.  A f e w  p l o t s  i n  O r e g o n ,  W a s h i n g t o n ,  Itlaho, and  W y o m i n g  h a d  l o w e r  pl 1

v;tluc~s  o f  3 . 5  l o  4 . 5 .  Whc~chc~r  t h e  relativttly  l o w  PI-1 v;tltlr~~  of3oils  i n  thca  E;tst  211-c  t o

be  cxpectd  i s  curt~ently  u n d e r  e v a l u a t i o n .

Carbon Sequestration
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Climate change is likely to aff‘ec-t  carbon stquestra\ion patterns in many parts of
the U.S. Since the primary fBctors  in car-bon sequcstratiott  by tre’cs  arr the amoun1
of photosynthetic substrate available and the rates of net  photosynthesis rctali/.ed.
Available leaf area and amount of net photosynthesis arc” afkcted hy chat~ges  i n
precipitation, temperature, and radiation patterns that are altered by climate chatigt.
The amount of carbon ftxed  will increase in some areas and decrease in otltc’rs.
Increased mortality due to altered drottght,  insects and pathogens, arid  othcr Cactors

will release additional carbon back into the  atmosphcrc (Schlcsingrr 1995; IJSEI’A
2000; NiZST  “LOOOa,b;  IPCC  200  I ) .

The anrIual  periodic change in carbon squestercd  as Ibs/ac/yr  was highest in
the Pacific Northwest (2.501 to 4050  Ihs/ac/yr) and also high in most other ccoregion
sections in the U.S. The only ecoregion sections showing a loss of carbon were  in

parts of southern Idaho, caster11  Oregon, and  wCSt(‘l’I1  (:oloIxh  (-499  t o  500  Ihs/

ac/yt-)  (Stoltc.  sf crl.  2001).

Tally of Condition and Stressor  Indicators by Ecoregion  Section

In an  initial step to examine the currtnt  condition and poccntial  risk to forest
ecosystems from relatively  high biotic and  abiotic  stressors, a tally of three types of
indicators (condition, biotic stressors, abiotic  stressors) wits  Dotty  at the  ecoregion
section scale. The number of condition and stressor  indicators, out of a total of 20
c01nt~1011  to each ecoregion section, with relatively high or low values (e.g., high
dieback or low carbon sequestered) was tallied tbr  each ecoregion section.

While this simple analysis only identitied ccoregion sections where  relatively high
numbers of assorted stressor  and condition indicators were  found, the intersectiott
of these ccoregion sections with areas of expected clintare  change will identify
ecorrgion sections where  changing clitnate  conditions are interacting with other
!&tot-s already present in the fort-st. Conversely,  climate.  change in areas where
ctirt-t”nt  strtcsor  and condition indicators are in rAiliv+ better  c~otitiitictri  may
provide areas whet7  the  in .situ  impacts of‘ clittiare  changc~  may bc more clearly
associated with littut-e changes in forest condition.

The status and change of transparenq’  and dieback of hardwoods; status  and
cllarlgr  of transparency and dieback  of sofcwoot~s;  Irlctr-~alit~/~1-o~~~~ll  volrurrc  ratio;

carbon sequestration; hardwood daniagc~;  and softwood damage were  the  condition
indicators tallied. Deposition of sulfur, precipitation 1)1-I, ammotiium, nitrate, hy-
drogen ion dcpositiori,  ozon6”  exposure, drottght, and change in historic fire re-
gimes Lo  a curt-t-nt fire condilion Class 3 rating in 40% of any ecorcgion section were
the abiotic  and biotic stressor  indicators tallied.

Indicators were  cottsidcred  to bc in a relatively ~~N~oI-  rrnnc~.~~rcc(,l~cotttlition  if thry
were  in the lowest (e.g.,  carbon squcstt:rcd)  or tiighcst  (e.g., mortality ratio) classrs
of values, based on natural breaks in GtS mapping. I:or c’valuation  of‘ the cttangc in
historic lirc regimes indicator, ecorq$ott provinces and associated sections with
greater than 40%  of the forested area in current condition Class 3 (greatt.st  amoimt
of land management tic-3ied  to restore i t  to  i ts  tiistoric.al  fire  regitnc)  in 40%  or
more of the ecoregioti section was cotisidcrcd the  poorest  condition. For evaluation
of the  drought indicator, the range of~alucs &set-vcd  was broken into ti  classes,  and
classes 5 and 6 (tile  most numbckr  of ycat-s  deviation  from historic I O-year  avcxrages)
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The ecorcgion sc’ctioirs  Southern Superior Highlands, Green, Taconic,  and
Berkshir-e  Mountains, and the Northern Ridge artd Valley  sections had the highest
number-  (9 to IO ot‘the  20 indicators) in the least-desirable categories (Stoltc  et  /cl.
2001). Other areas with r-clatively  high numbers of’ indicators in the least-desirable
classes  (.5  to 10 of the  20 indicators) wcsre  the  Great I,akes,  Northeast, mid-Atlantic,
arid  parts of Idaho and southc.rn  (3ifornia.

DISCUSSION

The integral4 FI IM  and FIA programs provide a comprehensive biological
monitor-ing system that is spatially and temporally robust and ecologically diverse.
These  monitoring systems  will collect data on key indicators of’ forest ecosystem
processes  that will be imporlant.  in developing and refining empirical models, and
validating process models such as PnET,  rtc.  These monitoring systems are likely to
detect  many of’ the  probable biological, physical, and chemical changes in fbrcst
ecosystems that are associated with climate change. The  difficulty will be to tease  out
the  cft‘ects caused by  climate change from changes due to myriad oi.her  biotic and
abiot,ic  fat  tars.

Process models  arc always very important IO estimate f’uture condition of forests
based on current condition and stressors, current condition, suggest areas where
management actions might improve fores1 health, and estimate probable outcomes
ot‘ any proposed management actions. The  integrated FHM and FIA long-term
national monitoring systems utilize larrdscape-scowls  indicator monitoring and water-
sh&scalc, intensive site process moniroring systems. The  integration of the land-
scape scale anti process scale data to produce the most useful intormation on  forest

health  aid  sustainability is one of the tGggW  challenges facing scientisls  today.
I lowever,  the opporlunity  is there since the  FHM and FlA monitoring programs arc
operational, and when all components arc Kully implemented will provide much  0T

rhr basic information necessary for land managers and policy makers to protect and
improve fbrest  health in the United States.

The data necdcd f’or  these models  (water-  rclalions, C-allocation, stc.)  is short-
stc p, intensive process monitoring conducted over decades by a relatively tew
govc~rnrncn~,  academic, industrial,  and private research g r o u p s .  In the LJSFS,  this
work is fi~~nd  primarily at  L,ong-Term  Ecosystem Research sites,  Experiinental
Forests, Rt~search  Natural Areas, other National Forest Systems lands, aid  National
lic5orme  (:onseivation Service sites. A plan for a national integrated process-l(Avc.1
is being dcvelopcd as part of.FHM’s  Intcnsivc  Site Ecosystem Monitoring plogmrl.

The  ISEM  componcnc of’FHM  is based on guidelines &)I-  selection of sites, biotic and

abiotic  c-ore processes monitoring, etc. (Stoltc  1997).
I’hr: effkctiveness  of the combined FHM and FIA programs to  detect and inter-

pret  changes to forest  ecosystems from  climate change could he  improved by
increasing the breadth and intensity of‘ monitoring in ecotona[  a r e a s  t h a t  a-e

sensitive to changing conditions, in other areas in forest conraining susceptible
co~tiponer~ls  or processes, other forest-related systems such as urban, riparian, and
range ecosystems, and generally in forested areas where  changes in climate and
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One of the  biggest  c-h;rllcriges  will he to tast  out Ilit. c‘ffixcts of cliiiiatc c~ti~iiigt

Crorn otlic’r.  biotic  arId abiotic  strasors  irnp;Icting  tbrcsts.  Sorllc:  ~UliilytiC;ll appi-o;ictlcs

that  might 1~ iiiiti;*lly ;tttcinptc:tl  are to: (1) Idciitily  cxac‘t  coitipoiients (c.,q,,  iticii-

vitiIral sf>ecics,  dc.)  aird  pr-occsses  (f~.g.,  growth, iriortality, rl~‘.)  thal  itf‘c’ most scitsiiivc

t o  clirn;Itc cliarigc~ (i.~.,  cliinate chaiIlr;c inclic‘;Itor~s);  (2) EvaliIarc~ sIiitc’s  01‘ cliiriart-

chaiigc  indicators tising innltivXiiite and  01  tier  sopliistic;ttd ari;Ilytic:al  tocliniclu~~s.

(3) list sfmtially  tusctl appi~oaches  of‘stratifyiiig  ;tri;tlys~s  whet-cx  the  coiidition ol‘tlic-

formts is I-c~lativcly  good now (based  on curi-cil  t FffM  mcl  FL\ indicators), there arc

few strasors  atT‘u3iiig  forests, arid  significant clian,gSes  in cliniate a-(:  mq~ectd

T’hc  I~ascdiitc conditions cstablishctf  by  llw  f2f  fM anti  FL4  pr0griWrs  lI;rvC  ideiiti-

fied  limW c~~~systc~ins  that  are drc~ady  shobirig i-c‘l;itivt’ dif‘l~i-eric-cs  in ;I \2Ii-ic3y  o f ‘

for-c%  indicator3,  riimy 01‘ which arc relevant cIiin;It~*  c-liange indicators. For iiimy
0T these iii&-atoi-s tticr-e  wer‘c statistically signific-ant  changes  in contlition (positive

or negative) within the  lasl  10 years. These  l’oi-(51  cmqWcriis havc~ relativrl~~  high

probahilitic~s  o f ‘  c-ontinutd  responses  lo crii~retit  IGotit.  mid  abiotic  stressoi-s.  TliI

additional stress adtlctf  by  c-hanging cliiuatc~ sc-mar-ios  arid  impacts to forc3ts  iii tli(

future  inay be p o s s i b l e  t o  cleliricmc:  1m~Iis~ ltlr.  I;f  IM  ilrltl  FIA  piqraim ll;Iv(x

providetf  tlic essc.ntial  b;Iscliric>  iriti~imatiori to teitse  0Iir climate change  c#F~cts rroiri

other strmsors.
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* The percent of forest areas in each ecoregion section at risk for elevat-
ed mortality of host species from insects and dathogens.  Mortality of host species in
these areas is expected to increase by 25% 6r more over the next 15 years.
Fragmentation of forests in the Eastern U.S.“based  on satellite data from earlyi
1990s.
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. The distribution of the W126 ozone indices average for the period 1993-
1996. The classes of indices values are based on levels suspected of injuring susceptible
to resistance Eastern tree species. Lowest values are capable of injuring most suscepti-
ble species; highest values are capable of causing injury on all susceptible species.
The mean Ozone Injury index is based on the number of leaves with foliar ozone
injury, the severity of the injury, the number of plants injured, and the number of
bioindicator species with injury at the monitoring site for the number of years indi-
cated (1994-1998) by different symbols. Higher levels indicate more severe injury on
more plants of more species.



/v  Ecoregion Province
Fire Conditon Class For Forested Areas

Condition Class 1
Condition Class 2
Condition Class 3

. The current condition class of forested ecoregion provinces relative to
historic fire regimes. Condition class 1 means that ecological conditions today are sim-
ilar to those in historic fire regimes. Condition class 2 means ecological conditions are dif-
ferent from historic fire regimes and some silvicultural management action would be nec-
essary to restore to historic fire regimes. Condition class 3 means that ecological condi-
tions are significantly different from historic regimes and intensive management actions
would be required to restore historic fire regimes. The average percent foliar trans-

parency of softwood tree crowns in ecoregion ctions (colored polygons) in 1998.
T sed circles show the average transparency of softwood tree crowns at each
F ot in 1998. The ecoregion section averages are derived from the plot values with-
in each ecoregion section.



ortality  of trees expressed as the mortality volume over growth vol-
ume (MRATIO). Polygons (colored) indicate average MRATIO values and filled circles indi-
cate average diameter of trees. MRATIO values exceeding 1 indicate that more volume
was lost to mortality than was gained in growth over the period of record. DBH values
exceeding I indicate that the av age size of trees lost to mortality was greater than the
average size of trees remaining. The number of indicators (out of a total 20) in the
highest or lowest 2 classes in each ecoregion section (highest or lowest classes
based on the nature of the indicator, e.g., high dieback  or low soil pH).  The classes
are the same used in generating GIS maps of spatial patterns of the indicator.


